Introduction {#sec1-1}
============

Chronic exposure to excess glucocorticoid results in Cushing\'s syndrome.\[[@ref1][@ref2]\] Cushing\'s syndrome in children and adolescents is uncommon.\[[@ref1][@ref2]\] Most commonly, Cushing\'s syndrome is iatrogenic.\[[@ref3]\]\"Spontaneous\" Cushing\'s syndrome is either adrenocorticotropic hormone (ACTH) dependent or ACTH independent.\[[@ref2]\] Cushing\'s disease due to pituitary ACTH hypersecretion is the most frequent type of Cushing\'s syndrome and is responsible for about 70% of reported cases.\[[@ref1][@ref2][@ref3]\]

Ectopic adrenocorticotropic hormone syndrome (EAS) is one of the ACTH dependent causes of Cushing\'s syndrome, accounting for 10-15% of reported cases.\[[@ref1][@ref2]\] EAS is extremely rare in children and adolescents, they commonly present with weight gain and growth retardation.\[[@ref1]\]

Case Report {#sec1-2}
===========

A 17-year-old boy with rapid onset of features suggestive of hypercortisolism presented for a gallium-68 (Ga-68) DOTA-TATE positron emission tomography/computed tomography (PET/CT) scan. He had striae, moon face, bruising, central obesity, proximal muscle weakness and hypertension. Biochemically, his 24 h urinary free cortisol levels were seven to eight times the upper limit of normal, with elevated serum cortisol, ACTH and hypokalemia. High dose dexamethasone suppression test failed to suppress cortisol, which suggests an ectopic source of ACTH production \[[Table 1](#T1){ref-type="table"}\]. The pituitary gland was also normal on magnetic resonance imaging (MRI). Bilateral inferior petrosal sinus sampling results were again consistent with an ectopic source of excess ACTH production \[[Table 1](#T1){ref-type="table"}\].

###### 

Biochemical profile

![](WJNM-13-201-g001)

Gallium-68 DOTA-TATE PET/CT scan was undertaken to identify the ectopic source, but did not identify one. It demonstrated typical somatostatin receptor subtype-two (SSR2) rich adrenal glands with prominent Ga-68 DOTA-TATE activity, which is a normal scan appearance\[[@ref4][@ref5]\] \[[Figure 1](#F1){ref-type="fig"}\]. The patient\'s hypercortisolemia was treated medically with "block and replace" strategy with steroidgenesis inhibitor, metyrapone (block), and dexamethasone (replace). An escalated dose of oral metyrapone from 250 to 750 mg 3 times a day was administered.

![Gallium-68 DOTA-TATE positron emission tomography/ computed tomography scans pre-and post-metyrapone treatment showing marked adrenal suppression posttreatment](WJNM-13-201-g002){#F1}

Four months postcommencement of metyrapone and dexamethasone, biochemistry profile revealed normal serum cortisol, 24-h urinary free cortisol and a suppressed ACTH \[[Table 1](#T1){ref-type="table"}\] A follow-up Ga-68 DOTA-TATE PET/CT scan showed marked abnormal reduction in Ga-68 DOTA-TATE avidity \[[Figure 1](#F1){ref-type="fig"}\] and hypertrophy of bilateral adrenal glands \[[Figure 2](#F2){ref-type="fig"}\].

![Pre- and post-treatment axial CT showing enlarging adrenal glands post treatment](WJNM-13-201-g003){#F2}

Discussion {#sec1-3}
==========

Bilateral inferior petrosal sinus sampling is the gold standard to differentiate between EAS and Cushing\'s disease in children and adolescents.\[[@ref1][@ref2]\] Clinically, symptoms of muscle weakness, hypokalemia and hypertension are relatively more frequent in patients with EAS as demonstrated in our patient.\[[@ref1]\] Weight gain and growth retardation in adolescent patients are equally common with EAS and Cushing\'s disease.\[[@ref1]\] Investigation results for our case were consistent with EAS, and Ga-68 DOTA-TATE PET/CT scans were undertaken to localize the ectopic source and disease monitoring.

Localization of ectopic ACTH secreting tumors is challenging.\[[@ref1][@ref2]\] CT and MRI of the neck, chest, and abdomen is usually the first line approach.\[[@ref1]\] Functional nuclear medicine imaging, such as PET, have an emerging role in assisting in tumor localization.\[[@ref1][@ref5]\] Ga-68 DOTA-TATE is a somatostatin analog with high affinity for SSR2, which enables its use in detection of ACTH positive neuroendocrine tumors.\[[@ref4][@ref5]\] Normal physiological Ga-68 DOTA-TATE uptake has been demonstrated in organs expressing SSR2 such as the adrenal glands.\[[@ref4]\]

Treatment of hypercortisolism with medical therapy is often attempted prior to surgery due to severity of the hormonal effects.\[[@ref1]\] Metyrapone is an adrenal enzyme (11-beta-hydroxylase) inhibitor that blocks the final step of cortisol synthesis\[[@ref6][@ref7]\] \[[Figure 3](#F3){ref-type="fig"}\]. To the best of our knowledge, metyrapone is not known to have any direct effects on somatostatin receptors.

![Action of metyrapone therapy on the steroidogenesis pathway](WJNM-13-201-g004){#F3}

The mechanism by which metyrapone and dexamethasone might have resulted in the change in scintigraphic appearance of the adrenal glands has not been previously described and merits further discussion. The actions of somatostatin (and therefore receptor expression) at the adrenal gland level is not well-characterized.\[[@ref8]\] Decreased uptake of Ga-68 DOTA-TATE was observed in our patient indicating down regulation of SSR2 receptors in adrenal gland. Metyrapone blocks steroidogenesis, direct effect of metyrapone on SSR2 receptor down-regulation could be postulated. A more favorable explanation is SSR2 receptor down regulation secondary to overall better disease control.

Following treatment, our patient was noted to have an expected normal level of plasma cortisol and 24-h urinary free cortisol; however, his plasma ACTH levels were also suppressed. To explain this, research has demonstrated dual effects of metyrapone on plasma ACTH, including a suppressive effect on plasma ACTH, the mechanism of which is not known and a stimulatory effect on plasma ACTH via well-known "feed-back" mechanism.\[[@ref7]\] However, if this is true for a patient with EAS is debatable and open for future research.

One might argue that ectopic plasma ACTH was suppressed in our patient due to the use of dexamethasone. However, dexamethasone provides negative feedback to the pituitary gland to suppress the secretion of ACTH, but does not cause ACTH suppression from an ectopic source, which is the basis of high-dose dexamethasone suppression test.

Finally, animal models have concluded metyrapone-activated adrenal cortical hypertrophy is secondary to an increase in circulating ACTH as a result of decrease in negative feedback at the pituitary.\[[@ref9][@ref10]\] The mechanism underlying posttherapy adrenal hypertrophy in the absence of ACTH elevation in our patient is open for discussion.
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